It was able to give numerical solutions in cases where the models with constant Cu suffered from numerical instability. 
The

Calculation Approach
The following presentation is only restricted to the numerical aspects related to the implementation of the wall functions.
Refer to Cooper and Sirbangli (1989 and 1990) about the details of the NPARC code and to ghu and Shih (1995) about the details of the turbulence module.
Governing Equations
In the NPARC code, the followingnondimensional,Reynolds-averaged Navier-Stokes equations are solved:
where Q, Fj and Gj (j = !,2) are the conservation variablevector, inviscid fluxvectorsand viscousflux vectors,respectively. Because only the viscous flux vectorsneed to be modified with the use of the wall functions,theirdetailedforms are given below:
,,,o, The detailed forms of these models are given in Zhu and Shih (1995).
Wall Functions
The 
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In the above expressions, the subscript wall refers to the value of the corresponding function at the wall. Equations (10) and (14) -(16) form the wall functions which axe used to bridge over the first grid point and the solid wall.
Numerical Implementation
From Equations (10) and (n), the neax-w_ shear stress can be written as
where #t is an effective turbulent viscosity connecting the wall and the first grid point
An advantage of Equation (17) in calculatingseparated flows is worthy of note: the dizectionof the wall shear stressr,.=,t is determined by that of the flow velocity U while r_,=z_ calculated from Equation (10) or (1) Similarly, the total heat flux at the first grid point can be written as 
Consider first the wall of r/=constant. In this case, only the viscous flux vector G2 in Equation (2) needs to be modified with the use of the wall functions. In the NPARC code, it is calculated by 0g22
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where the subscripts s and n refer to the south and north faces of the control volume under consideration ( Figure  1 ). From Equations (5)- (7), the components of the vector G2 can be written as g22 = +"" 3 R. O_;
+ + OT + ... -Ak_(T -T. )
For the wall of _=constant, only the viscous flux vector (_t in Equation (2) needs to be modified when using the wall functions.
In the NPARC code, we have
Ogt2
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Ogt_ where the subscripts w and e refer to the west and east faces of the control volume under consideration ( Figure  1 ). From Equations (4), (6) and (7), the components of the vector Gz can be written as and (n). 
d. Calculate q,,_uusing Equation (23).
e. Calculate Uc and U2 using Equations (12) and (10).
f. Update p, using Equation (18).
g. Update a using Equation (22).
h. Update g22, g2s and g24 using Equation (27) or ( 
Module Usage
The present turbulence module (version 2.0) is written based on the NPARC version 2.2. The following are those paxts of the code which may require user's attention when using it.
Module
To facilitate identification, all the subroutine names in the module start with CM. In order to use the module, the user only needs to call its three subroutines:
CMA0, CMALL and CMVRHS, in the NPARC code.
Subroutine
CMA0. This subroutine transfers
from NPARC to the module the parameters to define flow, geometric and boundary conditions. In addition, it has the following user-specified parameters:
FDEFER m Blending factor in the convection scheme.
Its value may vary from 0 to 1 with the limiting value 0 for the first-order accurate upwind and 1 for the second-order accurate HLPA scheme.
The solution tends to be more stable, but also more diffusive when this factor is reduced. There is no need for user to change this subroutine. 
NPARC
Subroutine
MUTURB.
The subroutines CMA0
and CMALL of the module are called here.
Subroutine
STPF2D.
The subroutine CMVRHS of the module is called here. 
Application
